ABSTRACT Mycoplasma synoviae (M. synoviae) infection leads to serious economic losses in the world every year. Between 2013 and 2014, the infectious synovitis, caused by M. synoviae infection, occurred in native chickens in China and resulted in the loss of millions of chickens in Chinese poultry farms. However, there has been no data about phylogenetic and pathogenic analysis of Chinese M. synoviae isolates. In this study, a total of 110 M. synoviae strains were isolated from M. synoviae infected chickens. The isolates identified in the present study were classified into a new distinct subgroup based on analysis of the 5'-end vlhA sequences, tentatively termed the K group. In addition, though the pathogenicity was significantly different among isolates, there was no close relationship between pathogenicity and genotype for Chinese M. synoviae based on a pathogenic analysis of the 5'-end of the vlhA gene.
INTRODUCTION
Mycoplasma synoviae (M. synoviae) is an important pathogen, causing enormous economic losses to the poultry industry worldwide (Stipkovits and Kempf, 1996) . Several approaches have been used for genotyping M. synoviae. Ramirez et al. assigned M. synoviae strains to 10 groups based on sequence analysis of the intergenic spacer region between the 16S and 23S rRNA genes (Ramirez et al., 2006) . Feberwee et al. showed that amplified fragment length polymorphism analysis and digitalized random amplified polymorphic DNA analysis could be used for M. synoviae genotyping (Feberwee et al., 2005) . Analysis of the 5'-end of the vlhA gene in various M. synoviae strains has revealed 16 different genotypes (A to J) (Bencina et al., 2001; Jeffery et al., 2007; Hammond et al., 2009) . The conserved 5'-end of the vlhA gene, which includes tandem repeats that encode prolinerich repeats and a region that is highly polymorphic (RIII), is suitable for strain typing (Bencina et al., 2001) . The vlhA gene has been most extensively used for molecular epidemiological analysis and evolution-ary analysis of M. synoviae strains (Bencina et al., 2001; Jeffery et al., 2007; Feberwee et al., 2009; Harada et al., 2009; Ogino et al., 2011; Bayatzadeh et al., 2014) . Thus far, there have been no data analyzing the genotypes Chinese M. synoviae isolates based on vlhA gene sequence.
Between 2013 and 2014, M. synoviae infection was circulating in Chinese native-type chickens, resulting in the loss of millions of chickens in Chinese poultry farms. 110 M. synoviae strains were isolated from 16 Chinese provinces between 2013 and 2014. In this study, we performed phylogenetic and pathogenic analysis for these isolates.
MATERIALS AND METHODS

Ethics Statement
All chickens used for in vivo experiments in this study were kept in isolators at WENS Group Academy throughout the experiment, and the rearing facilities were approved by the Guangdong Administration Committee of Laboratory Animals under the leadership of the Guangdong Association for Science and Technology (approval ID GDXX (Yue) 2007-0049). The animal experiment described in this paper was conducted according to the National Guidelines for the Humane Treatment of Laboratory Animals Welfare 2057 
Isolation and Culture of M. synoviae
A total of 110 legs of M. synoviae-infected chickens (one leg per chicken) from 110 farms (one chicken per farm) in 16 provinces of China were collected from 2013 to 2014. The M. synoviae were isolated and cultured as described previously (Ferguson-Noel, 2008; Dusanic et al., 2009 ). The live cell titer was determined as described previously (Branton et al., 2008) . 
DNA Extraction, PCR and Sequencing
The TaKaRa PrimeScript one-step PCR Kit Ver.2 (TaKaRa, Dalian, China) was used for PCR. A partial sequence of the vlhA gene (1,284 to 1,325 bp) was amplified by PCR as described previously (El-Gazzar et al., 2012) . All sequences from independent PCR products were sequenced 3 to 4 times in both directions by Sangon Biotech (Shanghai) Co., Ltd.
Sequence Analysis
After sequencing PCR fragments, nucleotide sequence editing was accomplished using DNAStar (Madison, WI). All sequencing data were assembled using DNAStar (Madison, WI). Phylogenetic trees were generated by the neighbor-joining tree method using MEGA 6.0 software, and bootstrap values were calculated based on 1,000 replicates of the alignment. 
In vivo Experiments
Based on the phylogenetic analysis of the vlhA gene (Tables 1a and b) , WVU1853 (bought from China Veterinary Drug Supervision), 14 M. synoviae isolates and 160 twenty-day-old SPF chickens (specific pathogen free chickens, Guangdong Dahuanong Co., LTD) were used for this pathogenicity experiments ( Table 2 ). The 160 chickens were divided into 16 groups, including 15 challenged groups (10 birds/group) and one mock/control group (10 birds). All chickens were kept in an isolator throughout the whole experiment. After adaption for three days in the isolator, the chickens were inoculated with fresh cultures of 14 selected isolates and WVU1853 by intramuscular injection with a dose of 10 7 CCU 50 . Ten chickens served as mock controls and were mock-injected with 0.5 mL culture medium in the same manner. The chickens were monitored daily while clinical symptoms and morbidity were recorded. All chickens were the necropsied at 21 days-post-inoculated.
RESULTS AND DISCUSSION
Overall, 110 M. synoviae strains were isolated from 16 Chinese provinces between 2013 and 2014 (Tables 1a  and b ). The vlhA gene sequence fragments (76 to 421 nt) of isolates were compared to the reference M. synoviae sequences in Genbank. The results indicated that the new isolates were independent and exhibited a new genotype, which was quite different from A, B, C, D, E, F, G, H, I, and J groups (Bencina et al., 2001; Jeffery et al., 2007; Hammond et al., 2009 ). This new genotype was termed K. According to the differences at the amino acid level, the K group was divided into 6 subgroups, K1, K2, K3, K4, K5, and K6 (Figures 1 and 2 , Table 1 ). The A, B, C, D, E, F, G, H, I, and J subtypes have been mainly isolated from white feather chickens, turkeys, and sparrows (Bencina et al., 2001; Hammond et al., 2009; Ogino et al., 2011; Bayatzadeh et al., 2014) , but only subtype K subtype was found in Chinese native chicken breeds in this study. Recently, two M.synoviae strains isolated from Muscovy duck were identified as the E subtype, based on the analysis of the 5'-end of the vlhA gene (Figures 1 and 2) . Hence, we speculate that there might be breed-specific characteristics of the different genotypes, which might be useful to differentiate the origin of strains. It seems like that B, D, and F subtype strains might be more easily found in turkey or pheasant (Bencina et al., 2001; Hammond et al., 2009) et al., 2011) might closely related to its wide distribution. Certainly, further studies are needed to determine the veracity of this theory. There are significant differences in the virulence and pathogenicity of M. synoviae strains (Lockaby et al., 1998; Hinz et al., 2003; Ferguson-Noel, 2008) , but there was a lack of data regarding pathogenicity differences between genotypes (Bencina et al., 2001; Hinz et al., 2003; Ferguson-Noel, 2008; Hammond et al., 2009 ). An analysis of the pathogenicity of M. synoviae strains showed that strains CHN-HN03 (K4) and CHN-QZ-ZZX (K1), which were the first strains that appeared synovitis, exhibited morbidity rates of 100%. The strain that was observed synovitis latest, CHN-GX-NN01 (K5), exhibited a much lower morbidity rate of 11.11% (Table 2 ). It seemed that strains isolated in 2013 showed earlier onset time (6 to 12 days-postinoculation) than those of 2014 (12 to 21 days-postinoculation) ( Table 2 ). There was a disparity in the relationship between onset time and morbidity in strains isolated from the same region at a different times, as seen for CHN-HN03 (K4, 2013, Changsha, Hunan) and CHN-HN-NX01 (K2, 2014, Changsha, Hunan), CHN-GX1-1 (K1, 2013, Nanning, Guangxi), and CHN-GX-NN01 (K5, 2014, Nanning, Guangxi).
The morbidity was not significantly different between 6 subgroups of K genotype isolates, but significantly different pathogenicity was observed between strains isolated from different areas, as seen for CHN-SC-MS02 (K5) and CHN-GX-NN01 (K5). These results indicated that there was no close relationship between pathogenicity and genotype for M. synoviae, based on the 5'-end vlhA sequences. The vlhA gene encodes two major membrane antigens of M. synoviae, MSPA and MSPB, both which showed a high degree of amino acid variability between stains and even between clonal isolates from a single strain (Noormohammadi et al., 1998) . It has been shown that neuraminidase enzymatic activity (Bercic et al., 2008; Bercic et al., 2011) , upregulation of host apoptotic genes (Dusanic et al., 2012) and expression of a cysteine protease that can cleave chicken IgG into fragment, antigen-binding (Fab) and Fragment, crystallizable (Fc) were related to the pathogenicity of M. synoviae. Hence, phylogenetic analysis based on the 5'-end vlhA sequences was suited to determine the origin of a strain but not to predict its pathogenicity.
Prior to this study, there were some single, sporadic reports about white feather chickens affected by M. synoviae infection in China (Cao et al., 2012) , but this study is the first to describe phylogenetic and pathogenic analysis of M. synoviae in China.
